Long-term measurements (1974-1993 and 1996, respectively) of the net radiation (Q), global radiation (G), reflected global radiation (R), long-wave atmospheric radiation (A) and thermal radiation (E) of a pine forest in Southern Germany (index p) and of a grass surface in Northern Germany (index g) are compared. The influence of changes in surface properties is discussed. There are, in the case of the pine stand, forest growth and forest management and in the case of the grass surface, the shifting of the site from a climatic garden to a horizontal roof. Both series of radiant fluxes are analyzed with respect to the influences of the weather (cloudiness, heat advection). To eliminate the different influence of the solar radiation of the two sites, it is necessary to normalize by means of the global radiation G, yielding the radiation efficiency QIG, the albedo RIG= a and the normalized long-wave net radiation (A+ E)/G. Although the properties of both site surfaces alter, Ep and Eg remain relatively stable. 4, and Ag show a remarkable decrease however. The reason for this is to be found in a modification of the heat advection, showing a more pronounced impact on the more continentally exposed site (pine forest). Compared to a", ap shows only a small variability. The changes of at, can be easily explained as resulting from the influence on the albedo of alterations in cloudiness and the changes in the water storage in stand and soil produced by varying weather conditions. The influence of the forest management is only small and short-termed. a, reacted with a leap on site merging, followed by a continuous drop. The drop of the grass surface albedo a, on top of the observatory is probably related to the gradual development of the newly sown lawn there and the resultant change in the specific hydrological balance of the soil. A decreasing radiation efficiency QIG at both sites is observed, which is principally due to an increase in -(A + E)/G.
INTRODUCTION
Net radiation Q is a specific property of any surface. It is dependent on the short-wave albedo of this surface a, on the long-wave radiation emissivity E of the specific surface and its energy budget. The energy budget determines the surface temperature and consequently the long-wave emission. A particular influence is forced indirectly by the turbulent latent heat flux AV, which is dependent on the availability
Q = Q. + Qi
( 1 ) Qs --G+ R (2) Qi =A+E (3) with the following radiant flux densities in W m -2. The direction of the radiant flux vectors is defined as positive if radiation energy is transported to the reference level (outer active layer of the pine stand and of the grass surface) and vice versa: Q is the net all-wave radiation; Q., the net short-wave radiation; Q1, the net long-wave radiation; G the total downward solar radiation (global radiation) on the horizontal reference plane; R the reflected solar radiation (reflected global radiation); A is the downward atmo- spheric long-wave radiation (counter radiation); and E is the total of the upward terrestrial long-wave thermal radiation and the atmospheric long-wave radiation reflected at the surface. However, this reflected amount is negligibly small. Measurement of both components of Qs is carried out directly as mentioned above. A was calculated as:
A = (G + A -o-r) -G + o-T4
with (G + A -o-r) being the signal output of the pyrradiometer (Schulze/Däke) concerning the upward-facing thermopile; a r is the thermal radiation of the device, calculated by means of its internal temperature, which is measured separately. The downward exposed thermopile of the net radiometer yields: E = (IRI + 1E1 -a. r) -1R1+ o-r (5) with, similar to A, the signal output in parentheses.
To describe the other energy flux terms, the following energy balance equation is used. The directions of all energy flux densities are defined in the same way as the radiant fluxes:
Q+(S+J)+H+217 =0
( 6) with Q again the net radiation, S the soil heat flux, J the energy storage change in the stand (per unit of ground area), which is negligible in the case of the grass surface, H is the sensible turbulent heat flux into the atmosphere and vice versa and AV is the evaporative heat or turbulent latent heat flux, where A is the latent heat of vaporization of water. Indices of the letters denote the following: p, pine forest at Hartheim; and g, the grass surface at Hamburg. The site is considered to be an ideal place to conduct a radiation experiment. The view of the horizon is reduced by values of just less than 3°. It is fortunate that the data from the hourly monitoring of cloudiness at the Bremgarten Airbase (in the area until 1992, when the airport was closed) was available.
THE EXPERIMENTAL SITES
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The radiation sensors were installed on a number of measuring towers. The thermopiles are always exposed ca. 2 m above the canopy. Comparing measurements taken at higher levels above the canopy did not yield any significant differences. Data recording was carried out by means of stripchart recorders during the first years of observation. Then two generations of process computers followed (Jaeger, 1980) . Now the data are collected by means of data loggers.
In 1997, the trees (pinus sylvestris) were 38 years old. The temperature regime of the ecosystem pine forest shows a long-term change during the operation period as follows (Figure 2) . The soil temperature increased slowly despite the fact that the growing stand progressively weakened the incoming short-wave radiation reaching the forest floor. Simultaneously, however, there was a smaller loss of long-wave radiation energy on the forest floor. The oscillations of the soil temperature are certainly a result of the changing weather which almost completely obscures the influence of the forest management. The equivalent blackbody temperature of the canopy, T, = (7) shows no significant long-term trend in contrast to the soil temperature. This is remarkable, considering the fact that the distance between forest floor and canopy surface increased continuously. The variations of this curve are also affected mainly by the dynamics of the weather. Tables I, II The following facts in particular should be stressed:
RESULTS
Long term mean values of net radiation and its components
(i) the yearly net radiation Q above the pine forest is twice as much as above the grass surface. The reasons for this are the higher (by a value of 23.9 W m -2) global radiation Gp of the more southerly and more continentally situated pine forest, a 5.7 W m -2 higher long-wave atmospheric radiation Ap of the atmosphere over the forest, which is 1.4 K warmer, the smaller (by an amount of 10.9 W m -2) reflected short-wave radiation Rp of the pine forest which is due to an albedo, ce,p, half as big as that of the grass surface. With regard to the long-wave emission E, not much difference between the two surfaces can be detected. As expected, it is slightly higher from the pine forest. The annual mean of (S + .1) and its totals arrive more or less at zero (Jaeger and Kessler, 1997). Hence, the pine stand is able to invest twice as much energy into the total of (II + AV)p, according to Equation ( 
Monthly values of net radiation, short-wave and long-wave net radiation
Trend of yearly values of net radiation and its components
During the period of operation the pine forest grew by 8-9 m. In 1981/1982 and 1991/1992 the forest management carried out thinnings. This should be taken into account when analyzing the trends of the radiation fluxes Rp and Ep directed upwards from the canopy. When interpreting the trend analysis of the grass surface it must be noted that, beginning at January 1979, the measurements were carried out on the grass covered flat roof of the observatory. This lawn only acquired its present deep root system and its consequently balanced water supply over a number of years, just as these were developed at the old site in the climatic garden over decades. Figure 6 shows the trend of Gp, Rp and Qp above the pine forest at Hartheim. The slight increase in G p of ca. 11.5 W m -2 (daily mean) can be explained by a decreasing trend in cloud overcasting (see Figure  9) , which amounts to ca. 0.5 eighths. The slight increase in Rp is due to the increase of G. The parallel A= Ao(1+ aCb) (9) where A is atmospheric long-wave radiation depending on cloudiness; Ao , atmospheric long-wave radiation without cloud cover; C, cloudiness in tenths and a= 0A53, b = 2.1826 (following Keding, 1989) . 
Yearly values of the radiation efficiency, the short-wave albedo and the long-wave radiation budget normalized by means of the global radiation
Solar radiation is the forcing function of all the radiation and energy processes at the earth surface. Equation (1) is divided by G to obtain a better comparison between the measured values of both surface types. Thus, the differences in exposure and alterations of the solar radiation due to the weather are eliminated (Kessler, 1985a) , yielding the following equation:
with QIG, the radiation efficiency; am = -RIG, the short-wave albedo; and (A+ E)/G, the normalized long-wave radiation budget. Equation (10) applied to the yearly values in Table I yields surface specific values, as per Table IV . The high radiation efficiency of the pine forest Q p/Gp, which is almost twice as great as QgIGg of the grass surface is due to the low albedo and the relatively small specific energy loss caused by the long-wave radiation. The deeply differentiated surface of the pine forest is less heated by means of the short-wave insolation than the more plane grass surface despite the lower albedo. So it shows a smaller heat loss due to the long-wave emission Ep compared to the grass surface. Furthermore, the relationship of the radiation efficiency to the normalized turbulent energy fluxes can be specified by means of the long-term measurements of the components of the energy budget Equation (6) at the Hartheim pine forest (Jaeger and Kessler, 1996b).
As the annual mean of (S + J) approaches zero, it yields the simple relation from Equation (6):
QIG+HIG+AVIG=0 (11)
and combined with Equation ( 1976 1978 18O 1982 1984 1986 1988 1990 1992 1994 1996 Qp/Gp -Rp/Gp -(Ap+Ep)/Gp The big jump in the grass surface albedo ag from 1978 to 1979 is the result of a movement of the site. The strong decreasing trend since then is best explained by the slowly developing newly seeded lawn on the flat roof top of the Hamburg observatory. It should be stressed that the given situation of the grass surface is leading to a much greater dynamic in the development of the albedo compared with the slowly growing pine forest despite considerable changes in the tree canopies.
Both surface types show a decrease in the radiation efficiency QIG during the 20-and 23-year observation periods, respectively (Figures 11 and 12) . The bulk of this is caused by the long-wave radiation processes, as can be seen in the increasing incline of the -(E+ A)IG curves of the pine forest. The dislocation of the grass site produced a leap of the -(E+ A)IG value. The strong decreasing trend in the radiation efficiency of the pine forest observed during the first years until 1984 was weakened later. Above the grass surface, even a slight increase in QgIG,, due to the decrease in the albedo ot, after the abrupt increase in 1979 is observed. In general, more attention needs to be paid to the monitoring of the long-wave radiation fluxes of different types of surfaces and in different climatic regions than is the case at present. Furthermore these investigations have shown that it will take a long time before measurements at a single site can demonstrate the influence of increasing CO2 concentration in the atmosphere on long-wave counter radiation A.
